Abstract: A series of octahedral Ru(III), Rh(III) and Ir(III) complexes have been prepared with tetradentate Schiff bases derived by condensing isatin with 1,2-diaminoethane, 1,3-diaminopropane, 1,4-diaminobutane, 1,2-diaminobenzene and 1,3-diaminobenzene. The obtained complexes were characterized on the basis of their elemental analyses, magnetic moment, conductance, IR, electronic, 1 H NMR and FAB mass spectra, as well as thermal analyses. The Ru(III) complexes are low spin paramagnetic, while Rh(III) and Ir(III) behave as diamagnetic complexes. The IR spectral data revealed that all the Schiff bases behave as tetradentate and are coordinated to Ru(III), Rh(III) and Ir(III) via nitrogen and oxygen. Antifungal studies of the ligands as well as their complexes were carried out by the agar plate method.
INTRODUCTION
Isatin and its derivatives have been extensively used as versatile reagents in organic synthesis: to obtain heterocyclic compounds and as raw material for drugs. 1, 2 Some synthetic oxindole based compounds have been developed as anticancer, anti-HIV or antimicrobial agents. 3 In recent years, there has been enhanced interest in the synthesis and characterization of transition metal complexes containing Schiff bases as ligands, due to their importance as catalysts for many reactions. 4, 5 Tetradentate Schiff base complexes of isatin are also very important for various biological applications, 6, 7 namely antibacterial, antiviral, antimalarial, antitumour, 8, 9 etc. In addition, anti-inflammatory activity has also been reported for these complexes. 10, 11 The complexes of transition metals with Schiff bases show better biological activity than the free ligands. 12 Although there is a wealth of information concerning transition metal complexes with isatin Schiff bases, [13] [14] [15] [16] it is largely confined to the first row metals, such as copper, iron, cobalt, nickel, 17, 18 while no study has been reported for complexes with ruthenium, rhodium and iridium. Hence there is a great deal of current interest in the chemistry of these metals, although transition metal complexes of Schiff bases containing the donor sites N 2 O 2 and N 4 have been widely reported. [19] [20] [21] [22] [23] In this paper, the reactions of tetradentate Schiff bases of isatin with the metals Ru(III), Rh(III) and Ir(III) are reported. These ligands ( Fig. 1) were prepared by condensing isatin with 1,2-diaminoethane, 1,3-diaminopropane, 1,4-diaminobutane, 1,2-diaminobenzene and 1,3-diaminobenzene. Since Schiff base complexes may be related to biochemical processes, antifungal studies of these complexes were also carried out. 24, 25 
EXPERIMENTAL

Materials, methods and instruments
All employed chemicals were of p.a. grade. RuCl 3 ·3H 2 O, RhCl 3 ·3H 2 O and IrCl 3 ·3H 2 O were purchased from Loba Chemie (Mumbai) and were used without further purification. C, H and N analyses were performed at the microanalytical section of SAIF, Central Drug Research Institute, Lucknow (India). The infrared spectra of the ligands and of their complexes were recorded in KBr pellets in the 4000-200 cm -1 region using a Shimadzu FTIR 8201 spectrophotometer. The electronic spectra were recorded in CHCl 3 solution using a Hitachi Perkin Elmer lambda 15 UV/VIS spectrophotometer. The 1 H NMR spectra were recorded in CDCl 3 using a Bruker DRX-300 NMR spectrometer. The FAB mass spectra of the ligands and their complexes were recorded in a JEOL SX-102 mass spectrometer. TGA analyses were carried out using a Rigaku 8150 thermoanalyser.
Synthesis of Schiff bases
The corresponding amines, viz. 0.001 mol of each 1,2-diaminoethane (0.200 g), 1,3-diaminopropane (0.252 g), 1,4-diaminobutane (0.300 g), 1,2-diaminobenzene (0.324 g) and 1,3-diaminobenzene (0.324 g), were dissolved in 20 mL ethanol and added to an ethanolic (10 mL) solution of isatin (0.002 mol, 0.298 g), in a 1:2 stoichiometric ratio. The resulting solutions were refluxed for 5-6 h under stirring. The products were filtered off, washed with methanol and then recrystallized from ethanol. The purity of ligands was checked by thin layer chromatography and elemental analyses. The yield of the ligands was about 80-85 %. 366 g) , were added. The reaction mixture was refluxed for about 8-9 h under stirring. The complexes which precipitated on cooling were filtered off, washed with cold methanol and then diethyl ether and recrystallized from ethanol. The products were finally dried in vacuo over fused calcium chloride. Yield: 60-70 %.
RESULTS AND DISCUSSION
Stable Ru(III), Rh(III) and Ir(III) complexes were prepared with Schiff bases derived from isatin and diamines. Elemental analyses, melting points, colours and molecular weights are given in Table I and are in good agreement with the actual composition. The data from the infrared spectra of the ligands and their complexes are given in Table II and from the electronic spectra of the metal complexes in Table III. All the complexes were microcrystalline solids with a colour ranging from brown to black. They were insoluble in H 2 O, but soluble in DMF, DMSO, THF and CHCl 3 . The molar conductivities of 10 -3 mol cm -3 solutions of the various complexes in DMF (Table I) 
Infrared spectra
The IR spectra of the free ligands were compared with those of the Ru(III), Rh(III) and Ir(III) complexes to determine the bonding mode of the ligands to the metal in the complexes. The free ligands showed a strong absorption at 1680-1700 cm -1 n(C=O). This band shifted to lower frequency (D = 10-20 cm -1 ) and appeared at 1660-1690 cm -1 in the metal complexes. This indicates that the carbonyl group oxygen was a coordination site to the metal. A strong band at 1615-1635 cm -1 n(C=N) in the spectra of free Schiff bases was observed. In the spectra of the complexes, this band appeared at a lower frequency (D = 10-25 cm -1 ) at 1595-1610 cm -1 , indicating coordination of the nitrogen atom of Schiff base to the metal. 27, 28 If the Schiff bases coordinated via the nitrogen atom, a reduction in the >(C=N) frequency, due to a lowering of the electron density upon coordination, is to be expected. There is, however, a tendency of this band of Schiff base ligands of aromatic diamines to shift to lower frequencies on coordination to the metal than occurs with those of aliphatic diamines. This is due to electron delocalisation over whole molecule on complexation. One more intense band was observed in the range of 3420-3440 cm -1 and was assigned to n(N-H) of the isatin ring. In the spectra of complexes, this band remained unchanged. The n(M-Cl) bands were more intense than the n(M-N) bands and were observed in the region 330-335 cm -1 in the spectra of all the complexes. In addition, all complexes showed weak to medium intensity bands in the region 450-460 cm -1 and 440-450 cm -1 , which were absent in the free ligands; these can be attributed to n(M-N) and n(M-O), respectively. Thus, the IR spectra give clear evidence that bonding of the ligand to the metal ion occur through nitrogen and oxygen atoms and that the ligands act in a tetradentate manner.
Magnetic and electronic spectral studies
Low spin Ru(III) is a d 5 system with a ground state 2 T 2g and the first excited doublet levels, in order of increasing energy, are 2 A 2g and 2 A 1g , which arises from a t 2g 4e g 1 configuration. 29, 30 In most of the UV-spectra of Ru(III) complexes, only charge transfer bands are visible. 31 These bands are characteristic of an octahedral geometry. 32 The spectra of all the Ru(III) complexes displayed bands at 16778 -18656 cm -1 and 26640-28570 cm -1 , assigned to 2 T 2g ® 4 T 1g and 2 T 2g ® 4 T 2g . The two lowest energy absorptions corresponding to 2 T 2g ® 4 T 1g and 2 T 2g ® 4 T 2g were frequently observed as shoulders on the charge transfer bands. The magnetic moments for all the described complexes of Ru(III) lay in the range of 2.0-1.8 m B 33,34 and correspond to one unpaired electron, thus confirming its +3 oxidation state. The bands in the region 25640-29480 cm -1 have been assigned to the 2 T 2g ® 2 A 2g transition in ruthenium complexes. The electronic spectra of the Rh(III) complexes exhibited bands at 17985-18867 cm -1 , 26595-28690 cm -1 and 37735-39450 cm -1 , at the blue end of the spectrum. The ground state in both the Rh(III) and Ir(III) complexes in an octahedral field is 1 A 1g . Thus, the possible transitions in the Rh(III) complexes are 1 A 1g ® 3 T 1g , 1 A 1g ® 1 T 1g and 1 A 1g ® 1 T 2g of d-d origin. 35 Although, in many instances, only the 1 A 1g ® 1 T 2g spin allowed ligand field is observed. The spectra of the Ir(III) complexes displayed bands in the region 9727-10288 cm -1 , 21367-23809 cm -1 and 32051-32453 cm -1 , assigned to 1 A 1g ® 3 T 1g , 1 A 1g ® 1 T 1g and 1 A 1g ® 1 T 2g transitions, respectively 36 in increasing order of energy. The general pattern of the spectra indicates octahedral geometry around the metal ions. 37 The Rh(III) and Ir(III) complexes exhibit diamagnetic behavior due to their d 6 (low spin) system.
Nuclear magnetic resonance spectra
The 1 H NMR spectral data of the ligands and their metal chelates recorded in CDCl 3 are given in Table IV . The intensities of all the resonance lines were determined. The following conclusions can be derived by comparing the spectra of the ligands and their complexes. The signal due to N-H protons appeared at 8.0-8.6 ppm in the spectra of the metal chelates, i.e., a downfield shift of the -NH group signal occurred. This is correlated to a decrease of the electron density and a deshielding of the proton because of the participation of the adjacent carbonyl and azomethine group upon coordination. The broad multiplets observed at 6.9-7.8 ppm in spectra of ligands and complexes show the presence of aromatic protons. The methylene proton signal in the ligands I 2 ED, I 2 PD and I 2 BD appeared as a broad singlet in the 3.3-3.7 ppm region, which remains unchanged in their complexes. The spectra of the Ru(III) complexes showed a general resemblance to the free ligands, hence they are not given in Table IV. TABLE IV. 
Antifungal studies
The fungicidal activity 38 of the ligands and the complexes were evaluated against Aspergillus niger and Fusarium oxysporium by the agar plate technique 39 at concentrations of 100, 500 and 1000 ppm with triplicate determinations in each case. The average percentage inhibtion after 96 h was calculated from the expression: inhibition (%) = 100(C-T)/C, where C and T are the diameters of the fungus colony in the control and test plates, respectively. The obtained results (Table V) lead to the following conclusions:
(a) The compounds showed significant toxicity at 1000 ppm against both species of fungi and the complexes were more active than the corresponding ligand, which may be due to the chelation theory of Tweedy. 40 (b) The activity decreased on dilution.
(c) The ligands and their complexes exhibit more significant effect on F. oxysporium species than on A. niger. On the basis of above discussions, the structures presented in Fig. 2 are tentatively proposed for the newly prepared complexes. 
